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1. Introduction
[bookmark: _GoBack]In RAN1 #92b, the link level simulation assumptions were agreed to be included in the NOMA TR 38.812 [1]: 
R1-1803613	Text proposal for LLS parameters in TR 38.812 (NOMA)	ZTE, Sanechips
Decision: The TP is endorsed.
The agreement covers all three main use cases, namely mMTC, URLLC, and eMBB. In this contribution, we compare BLER performance and multiplexing capabilities of IDMA, SCMA, RSMA, RSMA-SIC NOMA schemes. Our focus is on the mMTC use case. Based on the simulation results, we make our observations and proposals. 
2. Discussion 
In this contribution, we compare the performance of 4 NOMA schemes, namely IDMA, SCMA, RSMA, and RSMA-SIC, in terms of BLER and multiplexing capabilities. Both TDL-A and TDL-C channels are considered assuming ideal channel estimates. Complete set of simulation assumptions are given in the Appendix. 
To make a fair comparison, the following configurations are considered for different NOMA scheme. They have been chosen to yield the same SE for all the schemes.
Table 1: NOMA scheme specific configurations 
	NOMA Scheme
	Payload
(Bytes)
	Modulation
	Spreading or Repetition
	Spectral Efficiency 
(bits/RE)
	Receiver

	SCMA
	18
	8-point codebook [3]
	8 
	0.185
	EPA-PIC with 3-EPA and 5-max FEC iterations

	IDMA
	18
	QPSK
	5 
	0.185
	ESE-PIC 5 max-iterations

	RSMA
	18
	QPSK
	5
	0.185
	ESE

	RSMA-SIC
	18
	QPSK
	5
	0.185
	ESE-SIC



3. Simulation results 
In this section, we provide link-level simulation results and compare the performance of each scheme in terms of BLER and multiplexing capabilities. 
Evaluation results are captured in Figures 1 and 2. In general, with an increasing number of multiplexed users, the required SNR to reach the mMTC target BLER (10%) increases for all NOMA schemes. However, the studied schemes exhibit different trends in their performance under overloading scenarios. Table 1 captures some quantitative observations in terms of loss compared to OMA.
	Table 1

	
	SNR Loss compared to OMA (dB)

	
	6 UEs
	12 UEs
	18 UEs
	24UEs

	IDMA
	0
	0.4
	1.4
	NA

	SCMA
	0.5
	1.4
	4.5
	10

	RSMA
	NA
	NA
	NA
	NA

	RSMA-SIC
	5
	NA
	NA
	NA



Based on the available results, following observations can be made;
[bookmark: _Hlk513727648]Observation 1 - For overloading of up to 12 UEs, IDMA and SCMA offer a similar range of performance, however RSMA-based schemes even with SIC receiver cannot sustain an overloading of more than 6 users.
Observation 2 - IDMA outperforms other studied schemes in multiplexing scenarios of up to 18 UEs.
Observation 3 - Despite a loss of around 10dB, SCMA can offer a high multiplexing gain to support operation of up to 24 UEs.
Proposal 1 – Given the diverse behaviour of schemes under various multiplexing loading condition, and their different levels of complexity, RAN1 defines a specific target multiplexing gain or a fixed set of target multiplexing gains for NOMA evaluation.
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Figure 1: BLER vs SNR under different overloading conditions in TDL-A
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Figure 2: BLER vs SNR under different overloading conditions in TDL-C
4. Conclusions
In this contribution, we presented link-level evaluations results for mMTC use case. Based on the discussion and the simulation results presented, following observations are made.
Observation 1 - For overloading of up to 12 UEs, IDMA and SCMA offer a similar range of performance, however RSMA-based schemes even with SIC receiver cannot sustain an overloading of more than 6 users.
Observation 2 - IDMA outperforms other studied schemes in multiplexing scenarios of up to 18 UEs.
Observation 3 - Despite a loss of around 10dB, SCMA can offer a high multiplexing gain to support operation of up to 24 UEs.
Proposal 1 – Given the diverse behaviour of schemes under various multiplexing loading condition, and their different levels of complexity, RAN1 defines a specific target multiplexing gain or a fixed set of target multiplexing gains for NOMA evaluation.
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Appendix
Table 2: NOMA Link-Level Simulations Assumptions 
	Parameters
	mMTC

	Carrier Frequency
	700 MHz

	Waveform (data part)
	CP-OFDM

	Channel coding
	NR LDPC 1/2

	Numerology (data part)
	SCS = 15 kHz, #OS = 14

	Allocated bandwidth
	6 PRBs

	TBS per UE
	18 bytes

	Target BLER for one transmission
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	[1, 6, 12, 18, 23, 24]

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx  

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal channel estimation


	MA signature allocation (for data and DMRS)
	Fixed

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0

	Traffic model for link level
	Full buffer

	Performance metrics 
	BLER
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